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FOREWORD 

This report was prepared by SofTech, Inc., Waltham, Massachusetts under 
USAF Contract F33615-78-C-5158.  This is the final report describing the 
Part II work performed on the;  ICAM Architecture of Manufacturing; Infor- 
mation Modeling; Subsystem Integration; Tools Development; User Interface 
Requirements; and the Architecture of Design.  This work ^as performed 
during the period of 29 September 1978 through 10 May 1981 and was initi- 
ated under the direction of the ICAM Program Manager, Mr. Dennis E. Wisnosky, 
and sponsored by the Manufacturing Technology Division, Materials Laboratory, 
Air Force Wright Aeronautical Laboratories at Wright-Patterson AFB, Ohio. 
The Air Force Project Managers for this project were: Mr. Richard Mayer 
through 30 June 1979 and Captain Steven R. LeClair through completion. The 
prime contractor for the project was SofTech, Inc.  The Project Manager for 
SofTech was Mr. Reuben Jones. Primary Coalition Team Companies participating 
on this project were:  Rockwell International, Vought Corporation, Hughes 
Aircraft Company, Dan Appleton Company, Northrop Corporation, Boeing Computer 
Services, Boeing Commercial Airplane Company, Pritsker & Associates, Higher 
Order Software, and Control Data Corporation. 
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Section 1 

INTRODUCTION 

Developments in the use of the computer as an aid to design and 

manufacturing have proceeded in a modular but disjointed fashion. 

Hardware and software systems have been designed and developed to solve 

the particular problem of the day and generally have been limited in 

scope in order to most expediently aid the performance of a particular 

design or manufacturing function.    Integration of these systems has 

been attempted in some cases, but only as an afterthought.    This situa- 

tion has resulted in the proliferation of disjointed computer software 

and hardware that have in many ways tended to actually magnify problems 

in design and manufacturing. 

The long term adverse effect of continuing development in this 

fragmented way has been recognized both in the United States and in 

many other countries.    The evidence, both abroad and in this country, 

advises that the economic and sociological benefits to be gained from 

such integration and the resulting synergism far exceed those benefits 

that have been accepted as being directly attributable to individual 

development efforts.    This is particularly true in discrete-parts, 

batch manufacturing companies because of such factors as the dual 

requirements to maintain both a flexible fabrication base and a highly 

efficient, controlled operation.    (The prime aerospace companies and 

their vast network of subcontractors fall  into this group.) 

The Air Force Integrated Computer-Aided Manufacturing (ICAM) 

Program has been established to promote development of integrated 

CADCAM systems in the United States, and particularly within the coro- 

space industry.    The ICAM approach involves the use of "Architecture", 

a structured means for applying computer   technology to design and 

manufacturing by using models to better understand, communicate and 

analyze design and manufacturing systems. 



Section 2 

THE ARCHITECTURE 

The purpose of architecture is "o establish clear and concise 

communication tools which permit discussion and a common understanding. 

The architecture is seen as the key to the structuring of generic CADCAM 

programs having broad applicability and as a vehicle which facilitates 

the transfer of CADCAM technology. 

The Architecture of Design is comprised of a function,   information 

and/or dynamics model  and is to be that set of structured information 

that relate to the reader a formal description of the design process 

itself.    The term "architecture," when used with respect to manufacturing 

design, means a model  or set of models which define the requirements of 

the design process and the design/manufacturing interface from the design 

perspective. 

ARCHITECTURE PROCESS 

The necessary first step in  increasing design productivity is to 

understand current design practice precisely and to record this under- 

standing concisely.    This development of understanding has two main 

phases: 

0 Study specific company design 

• Evolve a composite understanding 

■ 



FACTORY VIEW 

Understanding of the current manufacturing design process must be 

based on the detailed factual   information which describes this process in 

those companies which successfully produce aerospace products.    This has 

been called  "Factory View" information.    The Factory View of manufacturing 

design is different for each company, for each division of each plant 

within a company, and even somewhat different for each organization and 

each individual within each plant. 

COMPOSITE VIEW 

One objective of ICAM is to develop improvements in the design 

process which will  be broadly applicable across the whole aerospace 

industry.    In order to do this,  it is necessary to have some understand- 

ing of "general  or generic design practice."    Such an understnading 

emphasizes the essential  information flow, functions, and material  flow 

necessary to all  design processes, while deemphasizing the differences of 

organization and terminology among the various factory views. 

The model  representing this aggregate understanding is called the 

"Composite View" of design.    The composite view model presented in this 

volume depicts design as it exists today in the form of a function model. 

The composite view of the existing functions carried out in design which 

have been produced in this project emphasize the technical  aspects of 

current practice for the production of a single, new major aerospace 

product, such as an airplane. 

ARCHITECTURE VALIDATION 

From the first week of the project, a constant prucess of review 

guides the development of the architecture. Each version of the architec- 

ture is distributed to the coalition members for comment. These versions 

receive a "Working" status meaning the architecture is undergoing change 



within the group responsible for its development.    The cotnnents cause 

changes  ranging from complete restructuring of various levels of 

architecture to clarification of individual words used in detailing lower 

levels. 

This process of revise,  review, revise continues throughout the 

building of the model.    When the coalition decides that the model, or 

portions of it, are ready for industry review, the status is changed to 

"Draft." 

Every 6 months throughout the project, an Industry Review Meeting 

is held.    The Industry Reviewers represent various manufacturing companies, 

They review the "Draft" version of the model  to insure that it is 

representative of design as a w^ole.    Portions of the model  that receive 

a consensus of approval are marked "Reconnended."   This signifies that 

their content is recommended for Air Force acceptance.    Portions that do 

not receive consensus remain at "Draft" status and receive further 

review and revision. 



Section 3 

THE COALITION 

In its capacity as pnme contractor,  SofTech formed a coalition of 

subcontractors (Northrop, Rckwell  and Boeing)  to develop the Function 

Model  of Design.    The coali^on,  under Northrop team-leadership, presents 

this model  in its current state of development.    It is expected that 

refinements will continually be made to this model as a result of its use. 

The vast amount of information which it contains makes it impossible to 

comprehend by cursory examination.    A tremendous effort on the part of 

the coalitkn team has gone into the preparation of the results.    Many 

stages of critique, validation,  and checking have been invested to make 

sure that the published models,  texts, and glossaries are as complete, 

readable, consistent, and correct as possible.    They are all worth deep 

study by the appropriate people.    These people should compare the 

information with their own experience and with their own company's 

methods and procedures.    They should evaluate the differences which they 

discover, and should investigate their own uses of Architecture. 

7 
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Section U 

NODE INDEX - DESO 

Node Index of Context Diagrams 

A-3     Get and Use Aerospace Product (Context) 

A-2     Get and Use Aerospace Product 

I Plan to Accomplish Objectives 

A-l      2 Develop and Produce Aerospace Product 

1 Manage Product 

A-0 2 Design Product 

3 Manufacture Product 

4 Provide for Product Logistics 

3 Use Product 

4 Maintain,  Retrofit, Rebuild Product 

Node Index of Main Model 

A-0     Design Product (Context) 

AO        Design Product 

Al        Develop Conceptual Design 

All     Conduct Research 

A 111     Conduct Basic Research 

Mill     Identify Needed Data 

A1112     Collect and Analyze Research Information 

A1113     Perform Research 

A1114     Summarize Research 

A 112     Conduct Exploratory Development 

A 1121     Perform Geometrical Investigation 

A1122     Conduct System Development 

A 1123     Conduct Materials and Process Development 

A1124     Analyze and Report Exploratory Results 

A 113     Conduct Advanced Deve1opment 

A1131     Evaluate Research Data 

A1132     Conduct Applied Research Studies 

A 1133     Recommend Potential Applications 

****" '*» «"«-NOT „u. 
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A12     Analyze Customer Requirements 

A 121      Define Requirements 

A 1211     Establish Performance Objectives 

A1212     Evaluate Variations on Objectives 

A1213     State Requirements 

A 122      Determine Technical Feasibility 

A 1221     Interpret Requirements 

A 1222     Compare Requirements With the State-of- 
the-Art Technology 

A 1223     Evaluate Applicable Technology 

A 1224     Forecast Attainability of New Technology 

A1225     State Technical Feasibility 

A 123      Determine Economic Feasibility 

A 1231     Subdivide Major Program Elements 

A 1232     Estimate Cost of Major Program Elements 

A 1233     Estimate Economic Feasibility 

A 13     Formulate Concepts 

A 131      Develop Product Concepts 

A1311     Review System Requirements 

A1312     Develop Trial Concepts 

A1313     Validate Trial Concepts 

A 132      Perform Interdisciplinary Studies 

A1321     Review Configuration 

A1322     Perform Task Analysis 

A 1323     Develop Design Concepts Layouts 

A1324     Analyze Dynamic Properties 

A133      Define Candidate Configurations 

A1331     Refine Design Requirements and Assumptions 

A1332     Determine Acceptable Geometry 

A1333     Conduct Performance Analysis 

A1334     Conduct Operational Analysis 

A1335     Perform Product Synthesis 
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A14     Select Candidate Configuration 

A 141      Perform Configuration Trade-Off Studies 

A1411     Establish Mission Performance Data 

A1412     Establish Operating Cos* Data 

A1413     Establish Maintenance and Reliability Data 

A 1414     Establish Producibility and Cost Data 

A1415     Rank Design Concepts 

A 142     Compare Performance Predictions With Requirements 

A 1421     Compare Mission Performance 

A 1422     Compare Acquisition Costs 

A 1423     Compare Operations and Maintenance Costs 

A 1424     Document Comparison Data 

A 143     Select Optimized Configurations 

A 1431     Select Optimum Performance 

A1432     Select Optimum Acquisition Costs 

A 1433     Select Optimum Operations and Maintenance 
Costs 

A 1434     Rank Optimum Qualities 

A 1435     Identify Candidate Configurations 

A2       Develop Preliminary Design 

A21     Refine Candidate Configurations 

A211     Refine Product Configurations 

A2111     Evaluate Configuration Geometry 

A2112     Study Basic Function 

A2113     Expand Selected Baseline Data 

A2114     Refine Geometry and Configuration 

A 212     Define Subsystem Concepts 

A21Z1     Define Subsystem Requirements 

A2122     Configure Subsystems 

A2123     Size Subsystems 

A2124     Develop Subsystem Interfaces 

A2125     Prepare Subsystem Requirements and Layouts 
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A213      Perform Subsystem Analyses 

A2131      Analyze Subsystem Performance 

A2132     Analyze Subsystem Size and Weight 

A 2133     Analyze Subsvstem Interface 

A2134      Analyze Subsystem Cost 

A2135     Document Subsystem Analyses 

A214     Conduct Performance Analysis 

A 2141      Analyze Mission Performance 

A2142      Define Performance Potentials 

A 2143     Compare Mission Versus Performance 

A 2144      Prepare Performance Report 

A21fi     Synthesize Candidate Configurations 

A2151      Verify Completeness of Performance, 
Design,  and Test Requirements 

A 2152      Verify Intra-/Interface Compatibility 

A2153      Synthesize Candidate Systems and System 
Elements 

A2154      Document Synthesis Results 

A22     Select Optimum Configuration 

A 221      Compare Candidate Configurations 

A 2211      Establish Comparative Parameters and 
Standards 

A2212     Conduct Trade Studies 

A2213      Evaluate and Document Comparison Results 

A222     Rank, for Optimum Performance,  Cost 

A2221      Update Effectiveness Models 

A2222     Conduct Effectivesness Ranking 

A2223      Document Ranking Results 

A223     Synthesize and Redefine Configuration 

A2231      Review and Organize Data 

A2232     Perform Synthesis and Resize 

A 2233     Assess Intra and Intersystem Compatibility 

A2234      Document Synthesis and Rationale 
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A^24      Verify Recommended Design ;ind Requirements 

A2241      Update Integrated Test Plan and Correlate 
Design Requirements 

A2242     Compile Test Results and Complete Required 
Tests 

A2243     Compile Analysis Results and Complete 
Required Analyses 

A2244     Evaluate Cost,  Performance,  and Schedule 
Impact 

A2245     Document Verified Baseline Definition 

A225     Document Selection Process and Results 

A2251      Assemble Ranking Methods and Results 

A2252     Assemble Verification Methods and 
Results 

A2253      Document Ranking and Verification Data 

A23     Conduct Management Review and Approval 

A231      Evaluate Program Management and Administration 
Controls 

A2311     Adapt Decision Control Process and Design 
Reviews 

A2312     Adapt Data Management and Technical 
Communication 

A2313     Adapt Work Authorization Process 

A2314     Adapt Cost and Schedule Control System 

A2315     Formalize and Implement Tailored Procedures 

A232     Evaluate Financial Impact 

A2321      Establish Cost Data Base and Allocations 

A2322      Determine Funding Source Alternatives 

A2323     Estimate Follow-on Potentials 

A2324      Estimate Expanded Competitive Capability 

A2325     Document Impact of All Contingencies 

A233     Approve for Detail Design 

A2331     Confirm System Meets Mission Needs 

A2332      Confirm Demonstration and Validation Results 

A2333     Confirm System Trade-Offs and Producibility 
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A2334      Confirm Risk Planning and Alternates 

A2335     Confirm Cost Objectives and Program 
Management Plan 

A2336     Review and Approve 

A3       Develop Detail Design 

A 31     Develop Design Layouts 

A 311      Review Preliminary Design 

A3111     Identify Preliminary Design Problem Areas 

A3112     Identify Information Required 

A3113     Gather/Create Information 

A 3114     Evaluate Design Alternatives 

A312      Analyze and Refine Preliminary Design Layouts 

A3121     Coordinate and Analyze Data 

A3122     Design Layouts and Alternates 

A3123     Evaluate Improved Layouts and Alternates 

A313     Lay Out Interfaces 

A3131     Collect and Analyze Data 

A3132     Determine Interface Types and Locations 

A3133     Develop Interface Layouts 

A 3134     Evaluate and Refine Interface Layouts 

A314     Analyze and Refine for Technological Impact 

A3141     Collect and Analyze Data 

A 3142     Perform External Systems Analyses 

A3143     Perform Internal Systems Analyses 

A3144     Perform Interface Analysis 

A3145     Evaluate Analyses 

A 315     Prepare Design Layouts 

A 3151     Prepare Basic Layouts 

A 3152     Prepare Interface Layouts 

A3153     Evaluate Layouts 
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A 32     Prepare Detail Design 

A 321      Prepare Detail Drawings and Data 

A 3211      Plan Detail Drawings and Data Forms 

A3212     Prepare Detail Designs 

A3213     Distribute Unreleased Drawings and Data 

A322     Review lor Form, Fit, and Function 

A3221      Review Envelope Drawings and Mockup Results 

A 3222     Review Physical Subsystem Interface 
Requirements 

A3223     Review Performance Test and Analysis Results 

A 323      Review for Producibility 

A3231 Review Capability to Produce 

A 3232 Review Design for Cost Impact 

A 3233 Evaluate Producibility Results 

A 324      Finalize Drawings and Data 

A3241      Complete Drawings and Design Data 

A3242     Finalize Supplementary Coordination Data 

A3243     Prepare Release Package 

A 33     Release Detail Design 

A 331      Obtain Design Approval 

A 3311      Perform Checking Functions and Sign Off 

A 3312     Review and Approve by Originating Group 

A 3313     Prepare Release Documentation 

A3314      Approve for Release (Program Management) 

A 332     Release and Control Drawings and Data 

A 3321      Release Design Data 

A 3322      Release Tooling Coordination Data 

A 3323      Release Advance Orders 

A 333      Report Design Release Status 

A 3331      Perform Release Recording 

A3332     Update Data Bases and Status Files 

A 3333     Release Document Control File 
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APPENDIX A 

SYNOPSES OF VOL.  I THROUGH VOL. XI 

Vol.  I   Architecture Part II Accomplishments 

This volume presents ar overview of the Project, individual task 

overviews and recommendations for future ICAM projects. 

Vol.  II   Architecture - A Structured Approach to Manufacturing 

The ICAM approach to better understanding, communicating and 

analyzing manufacturing through the development and use of the Archi- 

tecture is explained in this volume. The reasoning for the development 

of Architecture, the components, application and benefits are described 

in detail. 

Vol.  Ill    Integration Using Architecture 

Integration of Manufacturing to improve productivity and reduce 

manufacturing costs is the goal of the ICAM program.    This volume details 

the procedures for integrating systems and the benefits to be gained from 

integrating "AS IS" models prior to building "TO BE" models.    Two sub- 

system function models integrated with the manufacturing function model 

under this contract are presented: 

1. Integration of Manufacturing Control - Materials 
Management Subsystem IDEFQ Model into the 
Manufacturing IDEFQ Model.    (MCMMO/MFGO) 

2. Integration of Sheet Metal Center IDEFQ Model 
into the Manufacturing IDEFQ Model.    (SMCO/MFGO) 

Vol. IV   Function Modeling Manual (IDEFJ 

This volume is the manual given to students learning the IDEF» 

function modeling methodology for describing manufacturing functions. 

tmtmm P** BUMUNOT n^ 
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Vol. V   Information Modeling Manual (IDEF  ) 

This volume is the manual given to students learning the IDEF, 

Information Modeling Methodology for describing manufacturing information. 

Vol. VI   Dynamics Modeling Manual (IDEF.) 

This volume is the manual given to students learning the IDEF2 

Dynamics Modeling Methodology for describing the time varying behavior 

of functions and information. 

Vol. VII   Composite Function Model of "Manufacture Product" (MFCO) 

This volume presents the composite view depicting manufacturing 

as it exists today in the form of an "AS IS" Function Model of Manufacturing, 

Vol. VIII   Composite Function Model of "Design Product" (DESIGN0) 

This volume presents the composite view depicting the design 

process as it exists today in the form of an "AS IS" Function Mocel of 

Design. 

VOL.  IX   Composite Information Model of "Manufacture Product" (MFG1) 

This volume presents the composite view depicting manufacturing 

as it exists today in the form of an "AS IS" Information Model of Manu- 

facturing.    Because of its voluminous size, this model has been printed 

in several parts to facilitate ease of handling. 

Vol. IX,   Part 1   MFC Development 

This part explains the process of development that 
the MFC 1 model has undergone. 

Vol.  IX, Part 2   MFG1 Model 

The MFG1 model diagrams ard attribute class 
definitions comprise this part. 
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Vol.  X    Dynamics Model of a Sheet Metal Center Subsystem (SMC2) 

This volume contains an IDEF-, Dynamics Model of the sheet n-.2tal 

center at Northrop Corporation's Mariposa facility-    It demon       ates the 

application of the IDEF? Dynamics Modeling Methodology. 

Vol. XI    ICAM Library Maintenance and Distribution Procedures 

Contained in this volume are procedures developed to allow for 

the proper dissemination of the material generated under the ICAM program, 

They are the ICAM Program Library User's Guide and ICAM Program 

Library Maintenance Procedures. 
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APPFNDIX B 

ARCHITECTURE PART  II  - FINAL REPORT 

DOCUMENT REQUEST ORDER FORM 

VOLUME I - Architecture Part II Accomplishments 

VOLUME II - Architecture - A Structured Approach to Manufacturing 

VOLUME III - Integration Using Architecture 

VOLUME IV - Function Modeling Manual (IDEFJ 

VOLUME V - Information Modeling Manual (IDEFJ 

VOLUME VI - Dynamics Modeling Manual (IDEFJ 

VOLUME VII - Composite Function Model of "Manufacture Product" (MFCO) 

VOLUME VIII - Composite Function Model of "Design Product" (DESIGN0) 

VOLUME IX - Composite Information Model of "Manufacture Product" (MFC 11 

Part 1 - MFC1 Development 

Part 2     MFC! Model 

VOLUME X - Dynamics Model of a Sheet Metal Center Subsystem (SMC2) 

VOLUME XI - ICAM Library Maintenance and Distribution Procedures 

Submit document requests to:   ICAM Program Library 
AFWAL/MLTC 
Wright-Patterson AFB, OH    45433 

NAME 

TITLE 

COMPA iy 

DEPARTMENT 

MAIL CODE 

STREET OR P.O. BOX 

STATE ZIP 

PHONE # 
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APPENDIX C 

DESIGN 0 NODE CHART 
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